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A prominent and early phenomenon presented by the colon types 
from the ileum in calf scours was the appearance of thin peripheral 
outgrowths from surface colonies on agar plates which represented a 
mutation of the colony nucleus.  These outgrowths began to appear 
in the incubator within 2 days on plates from the original intestinal 
material.  They also appeared regularly on plate cultures from later 
transfers.  One  of  the  conditions preventing  their  appearance  is  a 
crowding of the colonies.  These must be at least 1½ to 2 cm. apart to 
furnish  the  favorable  environment.  They form  at  incubator  and 
room temperature. 
Reproductions  of  the  mutants  which  have  thus  far  been"  more 
thoroughly studied from one or more angles are shown in Figs. 1 to 4 
which may serve in place of detailed descriptions.  It Will be noted 
that two modes of formation of the outgrowths are presented.  In one 
(Nos.  1127, 1085, 1192)  they appear as rounded lobes or wings on the 
margin of the mother colony.  This is thick, opaque, whereas the out- 
growths are thin, partly translucent.  As  the lobes expand and  the 
entire colony becomes enclosed in  a  zone of lobes  the inner opaque 
colony becomes  jagged  and  shrunken  and  often  like  an  irregular 
cross  in  outline.  The  second  form  is  shown  in  Fig.  4.  The  thin 
outgrowths appear as minute webs in notches of the original colony. 
These notches increase in width and depth and, as a  result, the orig- 
inal colony has an outer zone of finger-like projections with the mutant 
outgrowth stretched between them.  The tendency to  form wing-like 
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expansions was not confined to one race.  The strains figured differ 
from one another in one or more characters.  Thus No. 223 is a motile, 
saccharose-fermenting strain;  Nos.  1192,  1127,  and  1085 are  non- 
motile,  non-saccharose-fermenting strains.  All  differ from  one an- 
other in degrees of virulence. 
The mutants obtainable on agar plates from lateral expansions of 
the colonies will be called (b) in the following pages, and the original 
nucleus of the colony (a).  This mode of designation leaves open the 
use of other letters for mutants obtained in other ways.  Only the (a) 
and (b)  types will be considered in this paper. 
Although morphological differences between (a) and (b) forms have 
not been observed, a definite distinction exists due to the presence or 
absence of an optically distinct capsule associated with a  viscid con- 
dition of the growth in  solid and in fluid media.  The capsule was 
found only on ~a) forms.  Focusing on the periphery of the hanging 
drop of a  diluted agar or a  bouillon culture, one can frequently see 
the capsule, or a distinct spacing of the rods as they crowd together in 
the border of the drop.  This spacing disappears as the marginal mass 
of bacteria begins to dry.  The viscidity may be roughiy estimated 
by the length of the thread which can be lifted up from agar or bouillon 
cultures after 1 or 2 days.  The loss of viscidity and capsule occurred 
in  all  (b)  forms  studied.  The  presence of  capsular  substance  was 
signa~zed by a heavy, glistening growth layer on sloped agar.  This 
in some strains led to a slow sliding down of the growth from colonies 
on  the  slope,  producing broad, vertical streaks.  Such  appearances 
may be seen in cultures of B. laais aerogenes and some strains of the 
Friedliinder bacillus.  In  (b)  types,  the  growth was  thinner, partly 
translucent, and easily distinguished on sloped agar from the (a) types. 
It did not form descending streaks of growth from colonies. 
In bouillon after 1 or 2 days, (a) forms produced degrees of viscidity, 
evident, if not by the formation of cobweb-like threads at the end of 
platinum loop or wire, at least by the tardiness with which air bubbles 
rose to the surface when the fluid was shaken.  These features were 
absent in (b) cultures  Fermentation reactions were not changed by 
the mutation, nor was there loss or gain of motility. 
Immunological  Characters.--Marked  differences in  the relation of 
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studied.  (a)  forms are agglutinated only in very low dilution in the 
sera of animals treated with them or else not at all.  This difference 
in agglutinability was first observed in rabbits immunized with killed 
cultures.  Later rabbits  were treated with  both  (a)  and  (b)  types. 
In one experiment (a)  serum agglutinated the (a)  form in a  dilution 
of 1 : 40, the (b) form in a dilution of 1 : 40,960.  A rabbit treated with 
the  (b)  form produced a  serum  which  agglutinated  the homologous 
form at 1 : 40,960, but did not influence the (a) form at  all. 
To obtain sera from larger animals, the cow, being the normal host 
of the types of B. coli under investigation, was chosen.  The first cow 
(1109)  was  treated  with living  24  hour bouillon  cultures of B.  ¢oli 
1127a over a period of about 5 months.  The injection was chiefly in- 
travenous, the initial dose about 1 cc.  The reaction was always fairly 
severe  (1)  so  that  the  increase  in dosage  was  very gradual.  The 
final dose was  17  cc.  Agglutination of the  (a)  form was barely in= 
dicated at 1 : 20, whereas the limit of agglutination of the (b) form was 
1 : 1,280.  A second cow was treated in a  similar way with living cul- 
tures of 1192a.  After 6 months of treatment with weekly injections 
the  dose  safely endured  was  10  cc.  Agglutination  tests  with  this 
serum were negative towards the homologous culture at a dilution of 
1 : 10.  Towards the (b) form, however, clumping was nearly complete 
at  1:640,  the highest dilution  tried.  The (b) form was  clumped in 
high  dilution  by  the  immune cow  serum of  Strain  1127a  and  this 
serum agglutinated the (b)  form of 1192.  Serum of  a  normal horse 
caused complete clumping at 1 : 640, the highest dilution tried.  Serum 
of a normal cow clumped completely at 1:80 (b) strains  of both  1192 
and 1127.  Serum of a normal rabbit, however, failed to clump at 1 : 10 
Serum  of  a  normal  calf  (1242)  showed  slight clumping of (b)  in a 
1:40  dilution.  The mutation  process had  so  changed the (a) form 
that it became agglutinable in high dilutions not only in homologous 
immune serum but also in sera of untreated cow and horse.  Cross- 
agglutination with (b) forms of B. coli strains showing wide differences 
in virulence towards guinea pigs was observed.  The agglutinins in 
horse and cow blood may have been due to the accumulation of anti- 
bodies  resulting  from  intestinal  multiplication  of  various  types  of 
B.  coli. 
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blood of young calves was tested.  The Wright  technique  was used 
and  the  capillary  pipette  containing  the  mixture  of blood and  bac- 
teria incubated  for  10 minutes  at  37°C.  The phagocytic index was 
depressed by the use of citrate,  and  was highest  when  defibrinated 
blood  was  substituted.  Although  the  results  were  irregular  there 
was no exception to the findings that the calf polymorphs were nearly 
inactive in the presence of the (a)  type, but the (b)  type was readily 
taken up.  The presence of agglutinins in high dilution in the immune 
rabbit  serum  towards  (b)  organisms  interfered  with  its  use  in  the 
phagocytic test. 
Virulence of (a)  and (b) Forms.--Early in 1925  a study of the viru- 
lence of living cultures of various strains of B. coli from scours towards 
TABLE  I. 
Virulence of the Original and the Mutant Form Compared. 




















guinea pigs was begun.  The  intraperitoneal  route was chosen  since 
subcutaneous injections failed to furnish  any measurable data.  The 
injection  of the minimum  fatal  dose  causes death  within  24 hours. 
Very rarely an  animal  dies during  the  2nd  day.  The  reaction  thus 
simulates the effect of a soluble or exotoxin.  A comparative study of 
the minimum  fatal dose of 24 hour bouillon cultures of (a)  and  (b) 
types yielded results  shown  in  Table  I.  The  last  column  expresses 
the  relation  between the minimum  fatal doses of  (a)  and  {b)  forms. 
It will be noted that in these strains  the minimum  fatal  doses of  the 
(b)  forms  differ but  little  from  one  another,  whereas  the  (a)  forms 
show a  greater spread. 
Virulence  in  (a)  types remained  relatively constant  when  growths 
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night,  and placed at 38-40°F,  One strain  (223)  kept for 8 years in 
the manner described was  still  highly virulent  for guinea pigs.  In 
harmony with this persistence of virulence mutants did not appear in 
stock cultures kept in the manner described even after years of cul- 
tivation as repeated platings have shown. 
The toxin production of (a)  and  (b)  types was tested on calves as 
described (1).  Two strains were used, Nos.  1069  and  1192.  Given 
the same dose intravenously the characteristic respiratory symptoms 
were produced with equal severity by (a) and (b) filtrates of these two 
strains. 
The uniform tendency of B.  coli  during mutation  to lose  certain 
characters indicating virulence and  to  acquire others also  indicating 
loss of virulence marks this process as one of degeneracy but with ref- 
erence to parasitism only.  The degraded form persisted as such  in 
cultures indefinitely.  Two attempts were made to either restore or 
at least to modify it.  One strain (1192b) was passed through a series 
of nine guinea pigs.  Some of these died, others were chloroformed in 
48  hours.  Cultures were made from  the  peritoneal  cavity  and in- 
jected into the next of the series when 24 hours old.  No increase in 
virulence or reappearance of viscid or capsular state was observed at 
the end of the series.  A second attempt was made to change the mu- 
tant by passing it twice a day through bouillon tubes until more than 
50 transfers had been made.  At the end no changes towards the (a) 
form were manifest (2).  The possibility of bringing the mutant back 
is not exhausted by these procedures.  Not until such strains  have 
been passed through the digestive tract of calves where the increased 
virulence of the (a) form may have been developed originally may we 
regard the change as irreversible. 
DISCUSSION. 
An examination of the voluminous literature on B.  coli brings out 
certain  data anticipating those briefly described.  Baerthlein  (3)  in 
his extensive study of mutations of various species of bacteria men- 
tions one group of paratyphoid strains, including two suipestifer and 
one psittacosis  strain, which mutated on agar by sending out after sev- 
eral  days  a  thinner,  more  translucent  zone.  In  most  writings  the 
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We are left to infer that cultures kept under certain conditions for a 
given period when plated presented two and sometimes more colony 
types.  It  is  highly probable  that  the mutational  changes went  on 
in  cultures kept  in  room temperature,  exposed to  diffuse light,  and 
slowly drying out, although this is not stated.  Massini (4) who was 
the first to observe mutations obtained his mutants from colony out- 
growths resembling knobs (Kn@fe).  No reference was  found to the 
loss of capsules, or the disappearance of a  viscid product in mutant 
forms. 
Gratia (5) isolated ten mutants from a single original stock of B. coli. 
These differed from one another in motility and mucoid growth.  The 
mucoid condition in his strain was a mutational state and not a  prop- 
erty of the original strain as in our B.  coli  types.  Changes in mor- 
phology for the cholera vibrio, typhoid, paratyphoid, dysentery, and 
colon  bacilli  are  described  by  Baerthlein  (3).  One  form  appeared 
plump,  the other slender. 
Modification of agglutinability  due  to mutation was observed by 
Gratia in his colon strain and by Baerthiein in B.  enteriditis.  His (b) 
forms were agglutinated more easily than (a) forms.  The (b) aggluti- 
nins were absorbed with great difficulty, if at all.  In a B. coli mutant, 
the agglutination presented much the same peculiar conditions as we 
have described them for (a) and (b) forms.  According to Baerthlein 
no changes in agglutinability were noted in the cholera vibrio and in 
typhoid and dysentery bacilli.  De Kruif (6)  noted changes in acid 
agglutination but not when immune serum was used (7)  in his studies 
on dissociation in  the rabbit  septicemia organism.  Reimann  (8),  in 
studies of pneumococci, finds the  S or original form  as type-specific, 
the R  or mutant form as group-specific.  The former is agglutinable 
only in its type serum; the latter in its own and in S serum.  The dis- 
tinction of type and group  agglutinin  (Reimann)  was possibly fore- 
shadowed by Burk  (9)  who found B.  coli  races from the human in- 
testine agglutinated by sera from a variety of normal animals including 
rabbits.  Mutation as  interpreted by Baerthiein is more or less tem- 
porary and forms may pass  back from mutant  to original type.  lie 
does not touch upon virulence.  Later studies by others indicate that 
mutation,  in  pathogenic forms at  least,  signifies  a  degradation with 
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and  Reimann  and  is  clearly  indicated  in  our  results  with B.  coli. 
Recovery of the original level of virulence did not occur in cultures and 
not in passages through animals.  As stated above a reversion to the 
(a)  type in the original host animals is not negatived by experiments 
made thus far.  Concerning changes in the character or concentration 
of toxins no statements have been found. 
This brief and incomplete review suggests that the term mutation 
has been used to designate a  variety of changes which bacteria may 
undergo during artificial  cultivation.  Some are  obviously degrada- 
tions  and  involve permanent  loss  of  certain  functions.  Some  are 
probably  exaggerations  or  depressions  of  functions  which  can  be 
brought back by certain procedures, as for instance the change back 
from R  to S type by rapid  transfers in bouillon (2). 
The task of the future will be to redefine and classify the changes 
or mutations and  evaluate  them from different points of view.  Es- 
pecially desirable  is  a  renewed  study of  those mutations in which 
definite  functions  are  acquired,  such  as  motility,  fermentation of 
lactose (4),  and of saccharose (10).  These  changes may be regarded 
as  depressions  or  exaggerations or  inhibitions rather  than  as  new 
acquisitions until more exacting methods have been applied in a study 
of them. 
GENERAL  CONCLUSIONS. 
On agar plates certain strains  of B.  coil  from  the ileum of calves 
suffering from diarrhea  or scours promptly mutate and give rise to 
forms which have lost capsular  substance,  whose virulence has been 
greatly reduced, and which have gained very greatly in agglutinability 
and in being taken up by leucocytes.  The original characters are not 
regained in cultures kept in the cold after development, nor in rapid 
transfers .in bouillon, nor in passages through the peritoneal cavity 
of guinea pigs.  Filtrates of 48 hour bouillon cultures contain as much 
toxin in the (b) as in the (a)  form indicating no loss in this function. 
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EXPLANATION OF PLATES. 
PLA~ 6. 
FIG. 1.  Agar plate  of B. coli 1127a.  Mter  several days incubation  the  out- 
growths were nearly of maximum size and continued to expand but slightly in 
room temperature  under  a  darkened  bell  glass.  The plate  was photographed 
after 21 days. 
FIG. 2.  Agar plate of B. coli 1085a.  Details  as for Fig.  1. 
PLAT~ 7. 
FXG. 3.  Agar plate of B. coli 1192a.  Details as for Fig. 1. 
FIG. 4.  Agar plate of B. coli 223.  On this plate a different form of outgrowth 
is illustrated.  The mutant appears as a web-like expansion between clefts formed 
in the original colony. 
All four plate cultures were prepared and photographed at  the same time. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XLVI.  PLATE  6. 
FIG.  1. 
Fio. 2. 
(Smith and Bryant: Pathogenic B.  coli from  bovine sources,  lI.) THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XLVI.  PLATE 7. 
FIG. 3. 
FIG. 4. 
(Smith and Bryant: Pathogeialc B.  coli from bovine sources.  IL) 